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ABSTRACT 



This' experiment 'investigated the effect cf children's 
s.uccessive encounters with a large scale environment on *their 
subse.queat reconstructions of that ^environment. Tirenty children (10 . 
boys,, 10 gijls) at each of three grade levels (kindergarten, ±tfo, ^ud 
fiveV reconstructed from memory the spatial layout- of buildiilgs^ in a 
large model tonp.^ All chiidi;en walked through the model three^ times. 
Haif the children at feach grade level constructed the town ^fter each 
.walk; the other half constructed the town only after the thord walk. 
Accuracy of construction improved as a function of motor experience 
w,ith the town (number of walks) for children at all grad6 levels. On 
the first construction, fifth* graders placed buildings^-^ore 
accurately on bath topologigal and Euclidean me3suf€s, than did 
yoang'er children. On successive constructions, age differences 
diminish fe.d greatly on' b^th measures. . No significant sex dif^rences 
in performancte were found in any o^ the analyses. Results are • 
discussed xn relation to previous researcli and theory concerning 
child::eB*s« understanding of , spatial t^lattlonships.. (Author/SB) 
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Abstract 



Twj^hty children at each of three grade levels (kindergarten, two, and 
five) reconstructed from memory the^ spatial layout of buildings' in a 
large model town. All children ^valked through the model three tim^s. 
yalf tjie children afeach gra.de lev^el constructed the towo after each 
walk; the other 10 constructed the town only after the third walk. 
Accuracy of construction improved as a function of motojf experience 

^ (number of walks) with the townjor children at alljg^rade^ levels* On 
the first construction, lifth graders placed buildipgs more accurately 
(on both toiy^logical atnd Euclidean measures) thah did younger children. 
On succes*si\^e constructions, age differences diminished greatly on \ 

, both^^n^sur(frs. No significant sex differences in performance were 
found in arfyvof'the analyses. Results are discu8,^ed in relation to 
previous resear^^^^nd theory concerning chilj^ren's under standing of 
' spatial relationships. 



THE DB^ELOPMENT OF SPATIAL REPRESENTATIONS 
lJuRGE-SCALE 'ENVIRONMENTS 




James F. Hb^mian and Alexander W. Siegel 
University^Q^ Pittsburgh 

i " ^.tliousands of^ dhi]<^r^ii walk to and from scnool-tev^ry day without 
getting '^'CZi <±nd se^yn to have little dffficulty finding their way around 
•in their neighborhoods. Until recently, psychologists have made fe^^ 
attempts to ^tudy the development of the spatial kn^le'dg^f system that 
is nece&sary for this a^tcurate way finding in the large-scale wiviron- 
mant. After a review of the available literature, Siegel and White 
(1 975 ) hypothe sized that cognitive representations of space 'result from 
the integration of perceptfs of the environment with movements that 
accompany and sequence those differ e^jt percepts. In other words, 
with repeated walking or traveling experieftce in the euvironment, 
movements and percepts be;.come increasingly intdgrat^d with one 
another until an accurate;, cognitive "map" or spatial representation is 
developed. t ^ ' ^ 

If the integration of movement and percepts is necessary for the 
development of spatial representations, it would seem app*ropriate to 
study this development in an environment^ that maximizes the oppor- 
tunity for locomotor experience. Unfortunately, 'small scale models 
of the environment have beeh used in most of the studies on spatial 
representation donducfed by psychologists (L^urendeau & Pinard^ 1970; 
Piaget & Inhelder, 1967; Piaget^ Inhelder, & Szemin ska, ^960; ^all 
h. Shaw, 19,73; Siegef & Schadler, in press). Large-seal^ environ-, 
merits havfii been utilised only infrequently (Shemyakin^i962). 
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^ s^^^"''. "methodological problem in research on the developmene 
of spatial representations concerns the -manner in which children com 
vey their sri.^izl k^.owledge to the ejcperimenter; i. e., the'method Ijy 
which the representations are externalized, .Procedures such as verbal 
recall (Flavell, Botkin. F;y. Wright. Jarvis. " 1 968)^rawing (Piaget 
& inhelder, 1967), and techniques in which chiidren encounter the en- 
-vironment on bne sc^le (real world) and then are tested on another one ' 
(small scale' model) (Birch &>Lefford, 1968; Siegel & Schadler, in ■ 
pre.ss) confound spatikl knowledge with other abilities. Using these 
techniques, researchers ha*e found that young (i. e'. , "preoperational"] 
children Hly invariably on the topological properties (e. g. . proximity, ' 
inclusipn, etc. ) of sf,ace. It is only later (e.g. , during the concrete ^ 
operational period) th^t children^ave be^=n found to utilize projective' 
and Euclidean relationships (e.g., perspective and distance relations). 
However, these findings might be artifacts of the methodol6gies used 
in the studies. . < • * 

\ ' ' , ■ '• ' • Sf 

• These methodological problsm^ may be reduced by requiring the 

• child to construct his/her representation of t#ie large environment ^*ith 
the actual elements in that eKvironment on the orginal scale. Acredo^o, 
Pick, and Olsen (1975) studied the effect of differentiated cues (i. e. ; 
distinctive o-bjects^or landmarks such as.trees and chairs) on children's 
ability to remember the location of different events in a ikrge- scale ' 
environment.- TTiree-, four-, and-eight-year-olls. were asked to remem- 
ber the locaticrn of an event in^a Ikrge' environment. The t^^o younger 
groups of children were mu'eh less accurate'than eight-yeir-olds in " 
remembering the location of.an event when the environment was undif- . . 
fere.ntiated, but hot when landmarks we^re present. 'On the basis of ^ 
these findings, Acredolo et al. argued 'that the younger children used 
only topological cues provided by the distinctive objects for locatior^al 
accuracy,* while eight-year-olds 4ised.EUcli4ean (distance) spatial 
relationships as well..- TTius, even Ihough Acredol'o et al. >ael^liminated 



several potentially confounding factors by using a large- scale^environ- • 
ment, young children still appeared unable to use Euclidean relation- 
ships^. ' 

However, Siegel and Whitens (1975y hypothesis would suggest 
that it is necessary to not only test the chjidren in a large-scale'* 
environment but also to give them j:«peated experience with that 
environment, thus providing them with repeated opportunities to inte- 
grate their^ per cepts of the environment with the' movements iesociated 
with those percepts. More specifically, it is'suggeated that previous 
results regarding young children's inabj.lity to use Euclideah a's opposed 
to topological relations might also be an artifact of giving them o»ly 
limited experience with the enWronment, 

The present experiment w^^esigned to investigate the effect of 
children's successive encounters with a large- scale, environment on 
their reconstructions of that environment, Baseti upon Seigel and ' ^ 
White's (1975) hypothesis that the development 9f spatial represe^ta- 
tions may be facilitated by repeated walkiJg or traveling through the 
environment, we predicted th^^; (a) increased walking (motor) experi- 
ence "would help children to produce more accurate constructions of 

"^the environment., This prediction alaar follows from ZaporOzhet'a (1 965) 
Vmotox.copy" theory of perception, which suggeS'ts that accuracy in- 
creases as a function of practical experiences and learning.. With only 
minimal motor experience in the. environment (one encounter), we pre- 

^dieted; ^(b)»olde> children should constrtfct the environment more accu- 
rately than younger children b^ause they should, be better able to under- 
stand *-and mor6 readily uSe >Euclidean spatial i;elatio*ns (Piaget & 

• In^elder, r967). However, the older and younger childr'en^s accuracy 
should increase significantly over repeated encounters (motor experi- 

% ence). Finally, since only topological cu€^ haye been found tp aid , 
preoperational children in spatial representation (L^iirendeau St 
Pinard, 19^0), we predict'^d th^ (g) younger childten should have 



difficulty (on their initial constructionO in accura^;yt when placing ,Iand- 
marks in the erfvixLonment that have either ambig^ious or minimalitopo^ 
logical cue^. However, as a functiQr> of successive encounters. with 
«• the environment, .ev;en the youngest children should be able to pflace 
all buildings with considerable accuracy. 

' ^- ■ - ' . 

* Method • , 

Subjects , Ten boys and ten girls from each* of three grade levels 
in a suburban parochial school participated in the study/ Kindergarten 
(Mean Age = 5-7, Range = 5-3 tp 6-2), Qr^^deV^^an Ag.e = 7-7, 
Range ^ to 8-1), and Grade 5 (Mean Age = J 0-7, , Range ='10-1 to 
11-6). • • * 

Materials. Thq experiment was conduced' iti a large classroom 
, in which all*objects had been .moved to ih^ perir^e'ter. The perimeter*, 
of a' 4. 88 X 6. ICTm area on the floor (homog'eneous sui-face)' was lined 
with masking tfiipe. In this areata road and railroad track were 
de^ict^'d with paper and black paint (see Fig^ure IJ'and -divided the 
area intoiour 2. 44 x 3. 05 m quadrants. 

Nineteen buildings, each appr^^xirrelttely 6» 35 cfn in height, 11. 45 
cm in l^itgth^, and 7.62 cm in width, weaf-e used. The buildings were 
highly differentiated in terms of color and' shape. Each building was 
. glued, to alna-sonite circle (1.^27 .cm iiiick and 17. 78 cm in diameter) " 
that was covered with green felt', ^ight of the buiLdings wef e located 
on the floor in the same .positions-' for all cjiildren (see Figure 1). 
Duplicates of.the^e eight building s -and three other "distractor*" build- 
ings (split-level house, barn,,^and men^s store)' were used. 
\ • 

" ^ For purposes of recording children's placements, a sheet of # 

^pape^r (approximately 30. 4^L cm wide) was placed parallel to, anci out- 
side of two ♦dj^cent ed^s of. the 4. 88 x 6, 10 m area, ^A half -foot 
^(15.24 cm) scale was parked pn'this paper with black paint. . This 



scale was then covered with paper to prevent children from seeing it 
(^d possibly using this metric scal^ to guide their placements); 

Procedu'iy. Five boys and five girls at each grade level were 
tested in one of two experimental conditions. In both. conditions, cHil- 
dcen walked througli the town three times (walking pWse). ^ Ihe condi- 
tions differed in that ohUdren in the con:3truct condifciiiyieflstructed * 
the t^n^x e^}v walk (i. e» , walk-construct, walk-construct, walH- 
construct), whili^ childre^n in the walk condition built the town only 
after the third walk (i. e. /walk, walk, walk-construct). 

Children werfe tested indiviViually. . Each child entered at the 
front of the classroom and was c^rected immediately (with his back 
to the model ^own) to a table <«^here the duplicates of the eight build- 
ipgs v^ere displayed. The expei-imenter pointed to each building and 
labeled it for the' chiid.*' ^ 



Walking phase . The child y/as taken to the starting point. He. 

w-as tbld that what he saw on the floor was a town with buildings, a 

railroad track, and a road. The child was informed that he was going 

to tafce'a short walk along the rpad and that^he was t^-XBmember the 

\ 

locations of all the buildings in the toWn because he would have ^to build 
a town exactly like the one in front of him. The experimenter and the 
child then took a. "walk" through the town* They* stopped.-.at_feach build- 
ing along the road while the^ experimenter pointed to and labeLed a build 
ing and told a 15 -second story concerning the building. For example: 

This is the schoolhouse of'the town. All .of the children 
of this- town go here to study very hard. But, as you can^ • * 
see, they also have a lot of fun on the playground -during 
recess with all of those nice playground toys.r- . ^ 

While walking ^between buildings, ^th^child was able to look anyjvhere 
he chose; however, when a building w^s feeing described, the experi- 
menter insisted that ^he child look at'the specified build'ing. 

9- 



The buildings were encountered accor'difjg to the numbexed 

sequence in Figure. 1. At the end of the. walk, ^e experimenter and 

child walked along the outside edge of the area to £he front of the room, 
■ ^ 

The experimenter obstructed the child* s view of t^e town by wallcing 

' . ^ J * * 

directly between the^ child and town. When the experimenter atCd child 

' *' ' * ^ 

reached tlie tront of the room, Jthey sat w;ith their backs to the model 

'to^ and talked. Children in the walk condition began their second 

walk'after 10 minute^ (the average tirfie taken by children to construct 

the town). Children' in the cfonstruct condition w^nt on to the building 

# • 
phase^ " * ^ J ' . . ^. 

^ Building phase. ^During the 2 -minute c6n^^er sation between 
Experimented and child, an assistant removed the eight buildings from 
the town and. arranged them and the tjjree dis tractor buildings, randomly 
oh Ihe top of a shfelf near the starting point. Then the experimenter 
took^he child to the shelf, pointed in a random order to each-4)uilding, 
and asked the child if it had Beeij in the town. Buildings identified^ . 
correctly by the child as not in th^^^t^n were placed on a ledge behinid 
the shelf. If the child n^ade a mistake, the experimenter would repeat 
the question and point to the buildi^ngs on th^ shfelf in a different ran- 
dom order. All bujldings that the child said were not in the town were 
placed' on the Ijsdge, (For children in the ^construct condition, this, pro- 
cedure was not repeated on subsequent trials if the child was success- 
ful by thi^ second attempt, )' ' , % * 

The child was then taken to the starting point and asked to put 
each of the buildings (on the' shelf) in the eXact place it had been when 
he had walked through the town previously. There was* no tirne limit 
for construction. The child was permitted to place buildings that* he 
h^d skid originally did not belong in the town. * ' | . 

When the child finished, he was taken to the starting, pdlnt and, 
asked if the town loolced "exactly like .the one .in which you and I walked 
tihrough t>efQre*^" If^e child said "no, " he was told to m^ke the,' town 
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look "exactly the same. " This^roce.dure was r<fepeated until the chiH 
iijdicat^d that he was sure that all biiildJngs were placed 9orre*ctly. 
He the^ returned te the chairs at the front o( the room to talk witii the 
experimenterVv * * , ^ 

After the child had placed the buildings, the assistant removed, 
the paper that covered the scale at the adjacent edges. Based on its 
position, e§.ch building w#s assigned a coordinate value on graph paper 
(1 inch = 1 foot). Then buildings we^ placed in their original posi- 
tions' and" the ^sc ale was covered. ' * , 

^> • 
' _ S 

, Ke^ults and Qisgv^ssion 

Topological and Euclidean measures were deuived to assess the 
accuracy of each construction. The topological measure was designed 
to reflect the accuracy with whicH children placed 'the buildings in the 
correct quadrant of the to^vn. For ^ch^conslruction, the total num- 
ber of correct placements was divided by eight ^the 'total number of 

* 1 ^ " 

plaPcements) to yield a prop9rtion correct. The Euclidean measure * 
was designed to determine ^e "goodness-of-fit" between the chiJi^^^ 
constructioh ^nd the original layo\»t. All 28 possible int-er-buildiftg 
distances in the child's construction were calculated and compared to 
the 28 a<?tual distances. Analyses y^ere performed on _Z transforma- 
tions of the resxilting Pearson product-mpmtfnt. correlations. Extrk 
buirdings in the tonstrujction were ignored but missing buildings were 
given 0 values for both measures. Generally, all, children recognized 
accurately the buildings that belonged in the town, eig. , no child 



^ For this*and subsjsquejit dependent mea^ufes that are expressed 

in proportions, analyses were performed on both raw ^scores and 
arcsin-transforme^d scores. Since both analyses yi-elded identical 
effects,, only the' raw scores and analysed on them are rep6rted. . ' 



mi^recognized more than one l^yilding, and tliafe occurred only in the 
first construction. All gpst-hoc analyses were Scheffe compariso'hs 
at the , 05 level. The results are presented and discussed In terms of 
the three prediction^ presented in tfce introduction. ^ \ * 

1. It was predicted that two additional walks would result in 
greater accuracy in children's placement of buildings. To assesa 
this, -performance alfter one walk in the construct condition was com- 
pared to pe^rforrpance after three walks (but tTie first construction) in- 
the walk condition. Scores on the topological and Euclidean' measures 
were subjected to a 3 (Grade) x 2 (Condition) x 2 (Sex) x 5 (Subjects/ 
Cell) mixed factorial analysis of variance. The results from this 
' analysis are presented graptii^ally in Figure 2. 

The propottion of buildings placed in the correct quadrant was i 
greater after three walks (. 96) than after only one i. 73), F (1, 48) = ^ 
1 1. 29, M3E = . 02, p < . OQl, and this proportion increased with grade 
level, F (2, 48)^» 39.26, MSE = . 02, p <* 00 1 , /fhom kindergarten 
(*. 73) to second (.85) tQ fifth'grade (.95). ^Ke significant Grade x 
Gonditipn' interaction, F (2,48) = 4.04, MSE = .02, p < ,05, indicated 
that second and fifth graders were more accurate than kindergart^er s 
in the construct condition, but there were no differences between / 
grades in the walk condition. * ^ ^ 

Tlje re suits Jor the Etfclidean measur e of accuracy are pre- 
sentejj^ g raphicaUy in Figure 3. 'pie "goodness-of-fit" was better 
after three walks (. 92) than after, only one (.63), F Jl, 48) = 76.02^' 
'■MS.E =k . 17, "p «;.001, and'*ag'ain, this accuracy inc reased with grad^ 
levels F (2, 48) 12,,^ MSE* - .17, p <.001.. Overall, kifnd'ergar-' 

tene^rs (. 66), a^d second graders (.76) did not significantly differ from 
one another, and both were less accurate than fifth graders (..91). At , 
each grade, children in jbhe walk condition placed buildiAg s more aoctJ- 
rately tha*i did children in the construct condition. Despite the simi- 
larity between Figures 2 and •3; the Co'fidition x GradeUnteraction 
• ♦ • 




^ 



(due to the l^rge M§E) was not significant, F (2, 48) = 1.12^ MSE = 
.17, p >:10, indicating that similai/developmental differences *in 
^Euclidean accuracy were found *in both conditions. There were no 
; significant differences in the accuracy ofboys and girls on either the 
topological or Euclid^n measures. ' ' 

.As predicted, the children who had had three walks placed the / 
buildings -more accurately than children with only; one walk. Thus,,/ 
the experience .of walking through the town helped children to improve 
both the topological and Euclidean accuracy of their spatial repre- 
sentations.^ Interestingly, the second and fifth graders' topolog/cal* 
accuracy was greater than the^ kindergarteners^ after one walkvind ' , 
one construction, Sut not after, three walks and on^ constructlor;. 
The Euclidean accuracy of the fifth gra"ders was greater thar/that of ' h 
the kindergarteners and s6cond graders in both conditions. jJPjrevion^ 
researoihers haveu'ndicated that preschoolers may under^tJnd topo- 
logical but not Euclidean relations (i^iaget St Inhelder, 1967; Pufall & 
Shaw,, 1973; Sipnothergill, Hughes, Timmons, & Hutko, 1975). riow- 
ever, ^Ith the additional walking experience provided in this study, 
the toi5ol9gical and EiSclidean ^accuracy of the younger children im- 
proved greatly. Thus, It appears that, kindergartener s douttndJr stand 
Euclidean relations, but they must haye^additional experience^n ^e 
environment in o^der to remember and u$e th-ese relations with con- 
siderable accuracy. 



2. }t was preKp:^d that the older children would place the build- 
ings in-the town more accurately than the ytunger children after ohe 
walk and one construction, b^ that the younger children's accuracy 
w'oMld increase dver successiVje constructions. To |est these predic- 
tions, accuracy of placement wd^s assessed across the three construc- 
tions in the construct condition. The topological s-cores for each sub- 
ject were subjected to a 3* (Grade) x'2 (Sex) x ^ (Subjects /Cell) x^'3 
(Constructions)*mixed factorial analysis of variance with repeated" • 



measures^ on the lasf factor. ^ Only the scores on the first two con- 
structions were analyzed, due to a ceiling effect (i* €• , zero variance) 
* on the third construction. The^esults from this anaiy-s^is are pre- 
sented graphically -in Figx^js^ 4. » i 

The proportion'^of building §^placjed in the correct quadrant was 
greater on the second trial (. 96^ th^on the first (. 73), F (1 / 2fl|) = 
50. ^f^MSE = • 01, p <.001, and this proportion increased with grade 
level, F (2», 24) = 9. 33, MSE = . 02, p < . 001, from kindergarten (. 74) 
to second (.86) to fifth grade (, 94). The significant Grade x Trial 
interaction, F (2, 24) = 5. 39, MSE = /Ol, p < . 01, vindicated that on - . 
the first construction, older ^children were more accurate than^Qungfer 
chiWren, but'this superiority was absent by the second construction. 
On the third constructipn, two of the ten kindergarteners placej^ one 
building in the incorrect quadrant, but eill of the seoond and fifth, 
graders had perfect scores. ' .> * 

The Euclidean scores were subjected to a 3 (prade) x 2* (Sex) x 
5 (Subjects /Cell) x 3 (Constructions) mix^d factorial analysis of vari- 
ance with repeated measures on the last iactor^»j-y Tfee results from 

this analysis are portrayejd in Figure 5. This "goodness -of-fit" 

< . > ** ' ** ' 

measure of accuracy irpprdved Over the three constructions, F (2, 48') = 

89. '21, MSE = . 17,.. p < . 001, fisom . 65 to . 93 to . 97. The main^effcct . 
of Grade was significant, F {Z, 24) = 14.31, MSE V., 32, p < ^001; 
fifth gra*flers were more accurate (. 94) than kinder^rtener s (• 7^5) and 
*^ second|^^aders (.64), but the lattfr two did not differ significantly 
from one^ another. The Grade x Trial interaction was not significant, 
F^ *<" 1, indicating that there were no developmental differences in pat- 
terns of performance across the three trials on the Euclidean measure^ 
As in. the first set of ctnalyses, there were no difference* in the accu- 
racy of boys and girls on .either topological or Euclidean' measures. 

As predicted, the older children were ffio re* accurate than the' 
younger children* on the first const^^UCtion for both tfie topological and 
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Euclidean measures. Children's accuracy was improved by walking 
and construction experience; topological accuracy was about the satne 
for all three grade levels by the second construction, while Euclidean 
a accuracy was equivalent^for all grade levels by the thicd construction. 
Thus, children improved topological ^nd Euclidean accuracy with 
repeated walking and construction experience. Since there were ceil- 
ing effects on both measures for the older cTiildren by the second con- 
struction, it was impos.sible to determine whether older children were 
increasing their accuracy over* trials more rapidly than younger chil- 
dren- . . 

3. It was predicted that the younger children would be le^s 
accurate than^lder chijdji^en (on the first construction) in placing 
* bu'ft^ing.s in the town that had either ambiguous or few topological^ 
cues. However, over repeated trials, even the youngest children 
should be able to place all the buildings with considerable accuracy. 
'To test this prediction, the eight buildings in the model town were 
divided into thpee groups: (a) buildings in^definite topological 
p6sitions--at the beginnjlng or end of the road (schoolhouse, hambur- 
ger stand) arid at one end of the railroad track (f arjrihouse ); (b) build- 
fJ^Vngs located at the turn^of the road or at an intersection (garage, 
. bank)- -these buildings were in ambiguous topological positions be- 
cause there were two turns in the r^oad and four quadrants around the 
intersection; and (c) bfailding s .isolated from most topolog,icai cues 
(both houses and the fire station).' . - - 

^ 

, The topological measure used in the previews analyses was cal- 
culated separately for ^ach group of lyuildings- These scores for chil- 
dren in'the .construct condition w'ere subjected to a 3 (Grade) x 2 (Sex) 
X S ^(Subjects/Cell) x 3 (Groups, of ^Building s ) mixed factorial analysis 
of variance. Only the scores from the first construction were analyzed 

due to a ceiling effect on the second and third constructions. Only the 
• .... '.^ i 

results pe.rtaining to th^ groups of Buildings. factor are presented 



(since the "between-subjects" effects have already been reported). .As 
, can be seen from 'table* \, the building groups differed in the .extent to 
which they were plac.edtin the correct quadraa>*, F (2, 48) = 4.60, MSE 
,05, p < * 05. Children placed buildings with definite tppologic^ cues 
more accuratiely (. 85) than.tfhose with ambiguous (. 70) or few (, 70) cues 
Qn the second con-struction, nine of ten kindergarteners an<J eight of ten 
secon(l grade rs*fiad perfect scores buildings, with definite topological 
cues, while nine of ten kindergarteners and all the second graders had 
perfect spores on buildings with ambiguous topological cues; the fifth 
grad.ers had perfect scores for all^thre'e, groups of buildings. On the 
final construction, seven of ten kindergarteners had perfect scores on 
' buildings with few topological cues, but the scores of all other <^hiWren 
were perfect, ij^ ' t \ - s 



Table 1 

Proportion of Correct Quadrant Building 'f'lacements 
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- * 


72 


97 


1 00 


83 


*1.00 


1 00 
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Since absolute accuracy of placement was of concern only for 
building^ of specific types, a different Euclidean measure was derived. 
Buildings 'that were placed within one fo.ot (in any i^rection) of their 
actual position were given a score o,f 1. For each construction, the * 
total score for each group of buildings (for each child) was divided by 
.the number of buildings in that group* Hiese proportions for children 
in the construct' condition 'We re subjected -to a 3 (Grade) x 2 (Sex) x 5' 
(Subjects /Cell) x3 (Constructions) x 3 (Grqupfs of Buildings) mixed fac- 
torial an^ysis of variance. Results are presented in Table 2. The 



Table. 2 ' 

Proportion of Correct Buildmg Placements 
(Euct)dean Measurat 
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1 ^ 
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.28. 


.72 
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.30 


.65 


.90 


.35 
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^: 

95 
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- " 11 


52 


li 


.30 


.60 
— 4 


' 84 


40 


' .87 


* 97/- 



1 



' building groups differed in the accyr^cy With which th^y wei-^'placed, 
' F (2, 48) = 15. 13, MSE = . 06,- p < . 001; the Construction x Group ^ 
interaction was also significant, F (4, 96) = 10. 07, MSE,= . 04,' ' 

' r 



£.\ . OOU On the first construction, children- placed ^uildings with di^^ 
tinct topdlogical cues more accur^tel>(than they pl4ceii the other two 
types of buildings. Across constructions, children became more accu- 
rate on all types of buildings, hut this imprc^vem^nt was 'particularly^ 
marked for building s^ith ambiguous' cues and those that were isolate 
Most importantly, the Grade x Gjroups of Buildings and the Grade x 
Groups of Buildings x Construction interactions were not significant 
(Fs of 1.14^and < 1, respectively). That is, similar developmental 
differences in accuracy w^re found across the three construction^ f or 
.the three^building groups. Again]|'*no sex differences in performance 
were found. . * ;< . * . * * ^ , , 

V^e had predicted that kindergarteners aiid Second gr^a^er 
place the buildings with ambiguous or few topologiceil cues less.acc 
rately (relative. to» fifth grader s) than those with definite topological cu€^s 
-^*on the fir ^ construction, we had expected that these differences in $wetn»- 
racy would be eliminated .over subsequent trials*. The prediction was 
only, pa-^rtially confirmed. In fact, all children placed buildings withp defi- 
nite cues more accurately \n th6 first constr^iction, but by the third q[pn- 
?truction, dltfef rentes in accuracy (within each grade) for the three 
building typei^were insignificant. Again, it appears that children at all 
^three grade levels kre using topological and Euclidean* spatial relations, 
''^nd that the children's use of*lh^^e relation* becomes increasingly accu- 
rate over repeated-experience with the towri ^ , - , 
* , • * ^""""^ % 

There is some evidence that with increasing grade level, the bui^d- 
Trigs.' with definite topological cues (school and hamburger stl^md) weFe 
increasingly teing used as anchor points for remembering tKe othei; 
building^ inrthe town. Overall, the number of. times the schoolhouse 

(at the beginning ^of the walkf was placed as the first building* in the 

- • . - ^ ' , V' 

model town was divided* by 40 (number of placements per ^r^ide in both 

, the walk and Construct conditions), llie i(ame calculation was performe^d 

for the hamburger stand (at the end of the .walk). The schoolhouse wajs ^ 



placed as the first building by the kindergarteners 41% of the time and* 
the hamburger stand placed. as J:he last building 8% of the time. These 
percentages rose dramatically to 75% and 25% for the second graders 
and 73% and 37% for the fifth graders. , , * 

^ * ' « Summary and Conclusions ' 

Two major findings enrier-ged fnom the present s'tudy. First, 
children appeared to develop an^accurate spatial'refji^sentation pfra 
lar^^^^viroriment siniply by Walking through 'that*environment. Second, 
after repeated experience in the environment, the topological accuracy 
of the younger children' was equivalent to that of the older children, and 
' their Euclidean accuracy was only slightly less. The high leVel of 
.^ Euclidean accuracy that the kindergarteners attained by the third con- 
, ,strl^|^ion indicates thai they do have a working knowledge of Euclidean . 
Spatial relations. This latter finding is in contrast to thoJe studies ^ 

Acrjdolcitet al. ,^ 1975: Piaget & Inheld^'r, 19^7) in which pre- 
"school children haVe been found to be^unable to deaKwith Euclidean 
^ notion? of space. This discr.epancy in.resMl^might^wen be attributed 
to the facf that.chH4ren in these studies ^yefe not'given^opportunity to ' 
repeatedly integrate movement wJ^th percepts in alarge-scale ^nvirin- 
ment. \ • ^ . - ^ ^ 

There w^e no significant sex differences'^in performance in any ' 
of the analyses. Interestingly, Siegel and Schadler (in press) found that 
.boys were more accurate^than girls in constructing a model of Jh^ir^ 
kindergarten classroom*. However, the children»s representation of * 
the class#lft6m^^was-tested on a smaU table-top model. Thus, boys may 
hot Have hac^ more accurate -spatial r'epreSenlations than girls, but bbys 
might bfe better able than girls to use the table -top model as a means 
. to convey -their spatial kno^j^ledg^ to the experimenter/ 

In tfiis^^tudy, we a*ttempted to simulate the real-world environ- 
ment.- It carf be*inf erred that allowing the child to walk through the 



ERIC . • . - ^ 2o^i2^ 



town and integrate his movetnenltt and perceptions during each walk 
■enabled 'the child to construct accurate cognitive representations of 
A the town. '^lowever/ the eixperiiheital setup provided a parallel to, 
' 'rather than a simulati,on of, the «real world, " The children were like 
giants in Miniature world, Lai^^e areas of the model town could be, 
✓-perceived with just one glance, whereas in the. real wo^rld*,^many parts 
- of the environment are'occluded by other buildings, hiUs, trees, etc. 

Thus, to construct a ''cognitive m'ap, " children' and adults mu,* typi- . 
. cally integrate a greater number of percepts over time and make many 
more inferences related to the positiori.ot objects or place* Desprte 
these differences, hoWeverKthe currQnt.metKocjjWogy required x:hildren 
to use the fundamental prox;esses involved in the developmer^ of sp^al 
representations. Further research "is currently being conducted to 
spetify the/boundary ccJnditions of various kinds of experienc^e and . ^ 
environmental features ^at influence the 'development of cognitive ^ 
represeTitations'of large-scale space, ' ' \ 
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